Nutrients and other pollutant runoffs from streams in artificial forest areas in central Hyogo Prefecture in southwest Japan have been investigated to estimate pollutant loads since 1995. The orthophosphate and ammonium nitrogen contents were usually low and constant during the investigation. When the flowrates of the streams were normal, the concentrations of suspended solids, COD Mn , TOC and total phosphorus were very low, and did not change much. However, when stream flows were increased by rainstorms or other precipitation, higher concentrations of these parameters occurred. Otherwise, the average concentrations of nitrate nitrogen and total nitrogen were 0.26 mg/l and 0.31 mg/l, respectively, and they were often increased by precipitation events. They changed at the same time because the ratio of nitrate nitrogen per total nitrogen was high, about 80%. The fluctuation of concentrations of total phosphorus was similar to SS concentrations, which suggested that phosphorus was discharged in the types of suspended solids from forest areas. The specific loads of the nutrients and some other pollutants did not differ among the three watersheds investigated. However, the difference among them between fine days and rainy days was fairly large. It was presumed that pollutant runoff from forest areas is strongly dependent on precipitation events.
Introduction
For watershed management, including the development of water resources or the alteration of land use, it is very important to evaluate the runoff characteristics of pollutants from nonpoint sources such as forests, paddy fields, urban areas etc., as well as from point sources. Forest areas are the most important non-point sources in Japan (Kunimatsu and Kira, 1986) , because their areas occupy about 70% of Japan's total land mass. The relative proportion of the loads of non-point sources to total pollution loads has increased year by year because of the lack of effective measurement procedures or policies to control the effluents from nearby extensive areas. However, the specific loads of pollutants from forest areas have not yet been measured in Japan. Therefore, we selected some watersheds which had small catchment areas and no pollutant sources, except for the effluents from the artificial forest, as our study fields. The daily fluctuation on fine days and the yearly fluctuation of flowrates, nutrients and some other pollutants in the stream waters at the end of each watershed were studied. The specific loads of each watershed were also studied and compared.
Methods

Study site
We chose three forest watersheds: A, B and C, located in the middle of Hyogo Prefecture, in southwest Japan (Figure 1) for our research fields. The catchment areas of these watersheds were 5.8 km 2 , 3.0 km 2 and 2.7 km 2 , respectively. These watersheds are underlain by felsic pyroclastic flows (welded tuff in the Ikuno Group), that were caused by later Cretaceous volcanic activity. The soil is brown forest soil, which is common in Japan. The land in these areas is used for growing artificial forest zones of conifers, with some deciduous trees.
These forests are composed mainly of Japanese cedar and Japanese cypress trees, along with red pine (Environmental Agency of Japan, 1985) .
Water sampling and analysis
Water samples were taken once a month at the end of each watershed for three years from August 1995 to July 1998, to study the annual fluctuations. Water samples were also taken every two hours for 24 hours to study daily fluctuations on fine days at the end of watershed A, which has the widest catchment area of the research fields studied. The concentrations of total organic carbon (TOC), and total nitrogen (TN) were measured by using a TOC analyzer (Shimadzu TOC 5000A) and a TN analyzer (Yanagimoto TN-301P), respectively. The suspended solids (SS) were measured by the glass-fiber filter paper method. Orthophosphate (PO 4 -P), and ammonium nitrogen (NH 4 -N) were analysed using the colorimetric method, after the stream waters were filtrated through a glass-fiber filter paper of a 10 mm pore size. Total phosphorus (TP) was analyzed by the colorimetric method after peroxodisulfate decomposition in a high pressure steam sterilizer. Nitrate nitrogen (NO 3 -N) was determined by the ion-chromatographic method (Dionex DX-300). The flowrates were calculated from the cross-section area of the currents and flow speeds measured on site.
Pollutants loads
The specific loads of TOC, SS, TP and TN were calculated for each watershed using the following equation, which was suggested by Kunimatsu and Sudo (1997a) .
where L is the specific load, C is the concentration of water quality, such as TOC, SS etc., Q is the specific flowrate of the stream, and t is the sampling time.
Results and discussion
Daily fluctuation in water quality on fine days
The daily fluctuations in water quality and flowrates on fine days were studied twice at the end of watershed A for 24 hours. The first series was performed from noon on 1 September to noon on 2 September 1997, and the second series was from noon on 30 March to noon on 31 March 1998. The results are shown in Figure 2 . There was some difference between the two (1) study series: the flowrates were 0.03 m 3 /sec and 0.09 m 3 /sec, and the SS were <0.1 mg/l and 0.3 mg/l on average, but almost all parameters of the water quality did not change much within each series, and the concentrations of water quality were very low. The coefficients of variation in each series were less than 30%, except in the SS. The reason for the difference in flowrates was due to the influence of the precipitation event before the sampling was performed. The first series had no precipitation event for 19 days before the sampling day, and the other series had 10 mm precipitation events three days before and 11 mm precipitation four days before. The differences in the concentration of SS were remarkably dependent on the differences in the flowrates. However, these differences were small, because the values were very low. As mentioned above, it appeared that the daily fluctuation on fine days was not much, and almost all water quality remained at a low level.
Yearly fluctuation in water qualities
The fluctuations of each parameter of water quality at the end of every watershed from July 1995 to June 1998 are shown in Figure 3 . The annual precipitation in this three year period was 1523 mm, 1789 mm and 2027 mm, respectively and 1780 mm on average. This value is the same as the average annual precipitation (around 1700 mm) in this area. The difference between the first annual precipitation and the last one was more than 20%. This suggests that continual study is necessary to get runoff information that is typical of this area, because runoff characteristics from forest areas are strongly affected by precipitation events (Kunimatsu and Sudo, 1997b) .
The flowrates and most of the concentrations of water quality, except SS and TP, fluctuated fairly often and at random. Table 1 shows the range of each parameter and their coefficients of variations at the end of every watershed in each year. The range of flowrates and these concentrations were not the same each year. For example, the range of flowrates at the end of watershed A changed 0.03-8.65 m 3 /sec, 0.03-0.53 m 3 /sec and 0.04-0.37 m 3 /sec in each year, and TN at watershed A changed 0.18-0.61 mg/l, 0.19-0.36 mg/l and 0.12-0.33 mg/l. The coefficients of variations were also not the same each year. The coefficients of variations of SS and TP were fairly large, but there was not very much change in the concentrations of SS and TP. Most of the values of SS and TP concentration were 0.1 mg/l or less and 0.01 mg/l or less at the end of each watershed throughout the study period. The fluctuations of these concentrations were strongly affected by the precipitation events that occurred before the samples were taken. The higher concentrations of water quality usually occurred after heavy precipitation events. The concentrations of TP changed with the fluctuation of the SS concentration, and it was presumed that phosphorus was discharged in the types of suspended solids from forest areas. The concentrations of TN did not change as much. The coefficients of variations of TN were 22% to 43%. NO 3 -N and TN concentrations changed at about the same time, because the ratio of NO 3 -N per TN was high, about 80%. The variation in these fluctuations and the range of every water quality at the end of each watershed in 1999 were exactly the same from 1995 to 1998.
Comparison of water quality and specific loads among the three watersheds
A detailed comparison of the water quality among the three watersheds throughout the study period was performed, along with statistical tests of the significant differences in their averages. The results are shown in Table 2 . The significant differences between watershed A and watershed B were not recognized for all parameters. However, there was a significant difference between watershed A and watershed C, and watershed B and watershed C. The former was defined mathematically as watershed A < watershed C in TN and NO 3 -N, and the latter as watershed B < watershed C in COD Mn , TOC, and watershed B > watershed C in PO 4 -P. The rocks, soil and vegetation covering these watersheds were almost the same, as mentioned before. The distances between each watershed were within 2 km, and the differences in precipitation received were not great. Therefore, the differences in water quality at the end of each watershed are not dependent on the geological situation, Table 2 The differences of the means of each parameter among the three watersheds vegetation or precipitation in the area. It seems that one reason for the differences between watershed C and watersheds A and B is the direction of the stream flow. Watershed A flows from east to west, watershed B from south to north, and watershed C from north to south. In Japan, the slope facing south faces the sun, therefore, the function of the ecosystem becomes active. It is assumed that the higher concentration of COD Mn , TOC and NO 3 -N, and the lower concentration of PO 4 -P in watershed C compared to the other watersheds, were caused by the differences in the activity of the ecosystems in each watershed. The specific flowrate and the specific loads of TOC, SS, TP and TN on fine days at the end of watershed A, and the arithmetic means of these parameters at the end of each watershed during the study periods, were calculated. They are collectively shown in Table 3 . On fine days, there were about 2-20 times difference between the specific loads of the two study series. However, their values were small, and the specific flowrate was 11 m 3 /ha/day on average, and the specific loads of TOC, SS, TP and TN were 11 g/ha/day, 2.4 g/ha/day, 0.04 g/ha/day and 2.8 g/ha/day on average, respectively. However, the specific loads of every parameter during the study periods changed widely. The specific loads of SS especially changed 10 5 times or more. The differences in specific loads at each watershed during the study period were small. The largest differences were in TP, with a three times difference. The differences between the specific loads on fine days and the specific loads during the study period were fairly large. Heavy precipitation directly affected the loads, such as the loads in July 1995. It was several hundreds or several thousand times larger than that of the loads on fine days.
Conclusions
The concentrations of water quality in the streams in the three watersheds studied were low and constant on fine days, and the SS, COD Mn , TOC, TP concentrations were very low and constant when the flowrates of the streams were normal. However, they increased in concentration when the stream flows were increased by precipitation events. The ratio of NO3-N per TN in the stream waters from these watersheds was high, about 80%. Phosphorus compounds discharged from forest areas were in different types of suspended solids, because both parameters changed similarly. From the differences of the concentrations of water quality among these three watersheds, it seems that the direction of stream flow affects waters quality. Precipitation events strongly affected the runoff of pollutants such as TP,TN, COD Mn , TOC and SS from forest areas, judging from the specific loads to each watershed.
